ABSTRACT -This study aims to evaluate the effect of IBA concentrations and microcuttings successive collections in the micropropagation of Eucalyptus grandis x E. urophylla and Eucalyptus urophylla x E. globulus clones. Clumps containing six to eight buds of clones established in vitro were transferred to a 250 mL glass flask in JADS semisolid medium. Successive collections were performed every 20 days for Eucalyptus grandis x E. urophylla clone and every 30 days for Eucalyptus urophylla x E. globulus clone. The following variables were evaluated under in vitro conditions: number of shoots > 0.5 cm, number of microcuttings > 2 cm, length of the longest microcutting, and shoots vigor. Under ex vitro conditions, in the greenhouse and shade house, the following variables were evaluated: seedling height, percentage of survival, stem diameter, percentage of root observed at the lower end of the tube, and seedling vigor. In full sun (ex vitro), the following variables were analyzed: seedling height, stem diameter, survival, number of roots, root volume, seedling vigor, and shoot and root dry matter. Good in vitro microcuttings productivity was observed over the successive collections. IBA levels were adjusted for each clone, ranging from 0.25 to 0.50 mg L -1 for Eucalyptus grandis x E. urophylla clone, and from 0.75 to 1.0 mg L -1 for Eucalyptus urophylla x E. globulus clone. IBA concentrations led to residual effects under ex vitro conditions, providing good rooting and survival for Eucalyptus grandis x E. urophylla and Eucalyptus urophylla x E. globulus clones at IBA concentrations between 0.25 and 0.50 mg L -1 and between 0.50 and 1.0 mg L -1 , respectively.
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1.INTRODUCTION
The successful productivity of Eucalyptus plantations in Brazil is a result of the combination of several factors, such as the well-established clonal forestry programs, the constant development of genetic improvement strategies, the production of specific hybrids, the selection of elite clones, and the improvement of clonal propagation technologies (Ferrari et al., 2004; Xavier et al., 2013) .
Micropropagation is a clonal technique that produces microcuttings and provides countless advantages to the production process of Eucalyptus seedlings, such as faster mass propagation of clones; greater nutritional, environmental, and phytosanitary control; and longer storage periods; besides retention of hybrid vigor and the possibility of transport over long distances without damaging the material (Bisht et al., 1999; Xavier et al., 2013) .
In addition, microcuttings production by micropropagation improves the cloning process due to the rejuvenation and reinvigoration technique used as a mechanism to overcome rooting problems of the cuttings, which is mainly observed in the rescue of adult trees (Joshi et al., 2003; Xavier et al., 2013) .
Specific innovations have been proposed for the application of large-scale micropropagation technologies in Eucalyptus (Xavier et al., 2013) , such as the manipulation of the in vitro atmosphere and/or environment (e.g., photoautotrophic propagation) (Kozai, 2010) ; the use of temporary immersion and liquid medium bioreactors (Oliveira et al., 2011 (Oliveira et al., , 2014 ; the replacement of the semisolid medium with alternative substrates (Kirdmanee, et al., 1995) ; the automation and mechanization of systems operations (Penchel et al., 2007) ; and the use of in vitro microclonal hedge.
Several factor can influence the productivity of the traditional miniclonal hedge, such as climatic variables, the genetic material, the production system (Cunha et al., 2005) , the mineral nutrition (Cunha et al., 2009a) , the management of miniclonal hedge seedlings (Mafia et al., 2005) , among others. Cunha et al. (2009b) concluded that the increase in temperature favors the production of minicuttings in eucalyptus miniclonal hedge, regardless of the miniclonal hedge type.
The major advantage of transferring the miniclonal hedge from ex vitro to in vitro environment is the greater control of climatic variables, such as low temperatures, besides the in vitro elimination of pests and diseases. Thus, the existence of efficient micropropagation protocols for Eucalyptus would enable the use of in vitro microclonal hedge and make the microcuttings available to the forest industry (Xavier et al., 2013) .
The knowledge of the use of auxins is fundamental for the establishment of efficient protocols. This fact is because these growth regulators are directly related to several physiological processes, such as activation of cambium cells, apical dominance, plant growth promotion, lateral and adventitious root formation, foliar abscision, floral buds and fruits development, and induction of vascular differentiation (Bresinsky et al., 2012; Kerbauy, 2012; Taiz and Zeiger, 2013) .
IBA (3-indole butyric acid) is widely used in in vitro and ex vitro propagation processes as this auxin does not damage explants. However, the concentration to be applied must be tested for each species and propagule (Titon et al., 2003a; Iacona and Muleo, 2010) .
Studies have reported the need for using IBA for rooting in the micropropagation of several morphological processes, such as: rooting in Oncidium baueri (Camargo et al., 2015) ; increase in number and length of roots in nodal segments of Campomanesia adamantium (Rossato et al., 2015) ; in vitro elongation of hybrid clones of Eucalyptus globulus (Oliveira et al., 2016) ; and ex vitro acclimatization and rooting of Ilex paraguariensis microcuttings (Tronco et al., 2015) .
The in vitro environment enables the production of microcuttings. The knowledge of the number of collections or production time in this system is crucial boa produtividade de microestacas in vitro no decorrer das coletas, sendo ajustados níveis de AIB para cada clone, variando de 0,25 a 0,50 mg L -1 para o clone Eucalyptus grandis x E. urophylla e de 0,75 a 1,0 mg L -1 para o clone Eucalyptus urophylla x E. globulus. Nas condições ex vitro, a dosagem de AIB apresentou efeito residual, proporcionando bom enraizamento e sobrevivência, entre 0,25 a 0,50 mg L -1 de AIB para o clone Eucalyptus grandis x E. urophylla e 0,50 a 1,0 mg L -1 para o clone Eucalyptus urophylla x E. globulus.
for the establishment of an in vitro microclonal hedge. The information on the the number of collections or production can provide the amount of microcutting that a clump of shoot can produce in a given time and and culture medium, providing practical benefits to the implantation of in vitro microclonal hedge.
The objective of the present work was to evaluate the effect concentrations of IBA and successive collections of microcutting on clumps of shoots in multiplication in the micropropagation of clones of Eucalyptus grandis x E. urophylla and Eucalyptus urophylla x E. globulus.
2.MATERIAL AND METHODS

Plant material and in vitro cultivation conditions
The experiments were conducted at the Tissue Culture Laboratory II of the Institute of Applied Biotechnology for Agriculture (BIOAGRO), at the Federal University of Viçosa, located in the municipality of Viçosa/MG.
The material used in this work resulted from the multiplication by micropropagation of Eucalyptus grandis x E. urophylla and Eucalyptus urophylla x E. globulus clones, with 25 and 72 subcultures, respectively. Shoots originated from clumps containing six to eight differentiated buds were cultivated in test tubes containing 10 mL JADS culture medium (Correia et al., 1995) In each flask, four clumps containing six to eight shoots were inoculatedat the four IBA concentrations for each clone and maintained in a growth room with the same characteristics previously described. The experiment consisted of a completely randomized design, in a 5x4 factorial scheme, with five microcutting collections and four IBA concentrations (0.0; 0.25; 0.50; and 1.00 mg L -1 ), with four replications; each plot contained four clumps of shoots.
Microcuttings ex vitro rooting
Experiments were conducted at the Research Center of the Forest Engineering Department of UFV.
Microcuttings > 2 cm from the clones and from treatments with IBA concentration under in vitro conditions were placed in Petri dishes containing two sheets of water-moistened filter paper and subsequently transferred to the nursery.
Microcuttings of each treatment (IBA concentrations) and clones (Eucalyptus grandis x E. urophylla and Eucalyptus urophylla x E. globulus) were planted in 55 cm 3 plastic tubes containing commercial substrate (Tropstrato Vida Verde TM ) and vermiculite (medium particle size) at a ratio of 1:1, added with 5 kg m -3 of simple superphosphate (Heringer   TM   ) , and placed in a greenhouse (at 20-30°C and relative humidity e" 80%).
On the first ten days in the greenhouse, microcuttings were covered with Aluminet (50%), at a distance of 20 cm from the tubes. At 20 days after greenhouse cultivation, microcuttings were transferred to a shade house, where they received topdressing by applying 2 mL of monoammonium phosphate (MAP) per seedling, at a concentration of 2 g L -1 . Seedlings were maintained in the shade house (50%) for ten days and then transferred to full sun, when they received 5 mL of the NPK formulation 20-5-20 (Heringer   TM   ) per seedling, at a concentration of 6 g L -1 , remaining under this condition for another 30 days.
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(0.0, 0.25, 0.50, and 1.00 mg L -1 ) from the in vitro applications, in five blocks (collections), with a variable number of microcuttings, based on the in vitro production of each treatment.
2.3
Experimental evaluations and data analysis
Growth characteristics evaluation and microcuttings collection occurred every 20 days of in vitro cultivation for the Eucalyptus grandis x E. urophylla clone and every 30 days of in vitro cultivation for the Eucalyptus urophylla x E. globulus clone. Afterward, clumps of shoots were transferred to a new culture medium containing the same treatments. For both clones, five collections were performed, totaling 100 days of cultivation for Eucalyptus grandis x E. urophylla clone and 150 days for Eucalyptus urophylla x E. globulus clone.
Number of shoots > 0.5 cm per clump of shoots (NS > 0.5 cm), number of microcuttings > 2 cm (NM > 2 cm), length of the longest microcutting (cm) (LLM), and shoot vigor (SV) [based on a scale of grades ranging from 1 (Low), 2 (Intermediate), and 3 (High)] were analyzed on the day of each in vitro collection.
Under the ex vitro condition, at the moment of transfer from the greenhouse to the shade house, seedling height (H, cm), stem diameter (SD, mm), percentage of survival (PS, %), percentage of root observed at the lower end of the tube (PRT, %), and seedling vigor (SEV) [based on a scale of grades ranging from 1 (Low), 2 (Intermediate), and 3 (High)] were evaluated. After 30 days in full sun, seedling height (H, cm), stem diameter (SD, mm), percentage of survival (PS, %), number of roots (NR), root volume (RV, cm3), and seedling vigor (SEV) [based on a grade scale ranging from 1 (Low), 2 (Intermediate), and 3 (High)], shoot dry matter (SDM, g), and root dry matter (RDM, g) were evaluated.
Data were analyzed in the R software, version 3. 2.4 (R Core Team, 2016) , with the aid of the ExpDes package, version 1.1.2 (Ferreira et al., 2013) . Percentage of survival and seedling height under ex vitro conditions did not present a normal distribution by the Shapiro-Wilk test at 5% significance, and thus were transformed into arcsen and , respectively. Regression equations were generated for the variables that were significant by the analysis of variance.
3.RESULTS
3.1
Eucalyptus grandis x E. urophylla clone
Based on the results obtained in the in vitro evaluations, number of shoots > 0.5 cm ( Figure 1A) showed a quadratic trend with the number of collections. An increase in the number of shoots was observed from the second collection, followed by stabilization. Number of shoots > 0.5 cm presented the quadratic trend ( Figure 1E) , with a decrease in production at the highest IBA concentration.
The production projection of microcutting > 2 cm ( Figure 1B ) tended to increase linearly. However, the maximum microcutting production occurred at the IBA concentration of 0.44 mg L -1 ( Figure 1F ).
The longest microcuttings were formed in the first and last collections ( Figure 1C ), increasing size from the fourth to the fifth collection. Conversely, shoot vigor over the collection presented a linear decrease ( Figure 1D ). The use of IBA concentrations for these variables had the same trend as that observed for the other evaluated characteristics, being the point that provides the longest microcutting, estimated in 0.54 mg L -1 of IBA ( Figure 1G ). For shoot vigor, this point was estimated to be 0.45 mg L -1 of IBA ( Figure 1H ).
The optimum range of IBA concentration for better results for shoot and microcutting production, as well as for size and vigor is from 0.25 to 0.50 mg L -1 .
Ex vitro evaluations at the moment of transfer from the greenhouse to the shade house had the same results as those reported for the in vitro environment. The characteristics treated with IBA presented quadratic results with in vitro IBA concentrations of 0.25 mg L -1 ( Figure 2B ), and higher percentage of root observed at the lower end of the tube ( Figure 2C ).
At the moment of transfer from the greenhouse to the shade house, IBA concentrations did not affect the characteristics evaluated in the seedlings. However, in the latst evaluation in full sun, treatments with IBA concentrations applied in vitro significantly influenced percentage of survival (PS, %), number of roots (NR), shoot dry matter (SDM, g), root dry matter (RDM, g), and root volume (RV, cm 3 ) ( Figure 2D -H).
RV showed a decreasing linear trend in function of the in vitro IBA treatments. RV reduced at the highest IBA concentration (1.0 mg L -1 ) ( Figure 2D ). The highest values for PS ( Figure 2E ), NR ( Figure 2F ), and for SDM ( Figure 2G ) and RDM ( Figure 2H ) were observed at intermediate IBA concentrations (0.25 and 0.5 mg L -1 ), with a quadratic response at the end of the full sun stage (60 days).
The use of IBA under in vitro conditions also provided residual effects in the ex vitro conditions, directly influencing seedlings quality. Seedling height, seedling vigor, and percentage of root observed at the lower end of the tube were significant at the moment of transfer from the greenhouse to the shade house. However, these characteristics are statistically similar at the other stages (shade house and full sun). Stem diameter did not present statistical difference with treatments application in any of the ex vitro environment.
In the greenhouse, Eucalyptus grandis x E. urophylla clone had mean value of 85.2% microcuttings survival without the influence of IBA concentrations applied under in vitro conditions. At the moment of transfer from the greenhouse to the shade house, and without the influence of the in vitro concentrations, percentage of survival decreased (78.45%). Conversely, after 60 days in full sun, microcuttings showed 77.8% survival under the influence of the IBA concentrations applied in the in vitro environment. The point of maximum survival was estimated using 0.52 mg L -1 IBA in the culture medium, under in vitro condition. GALLO R et al.
3.2
Eucalyptus urophylla x E. globulus clone
The analysis of variance for Eucalyptus urophylla x E. globulus clones revealed interaction in the collection. IBA concentrations were significant for number of shoots > 0.5 cm (NS > 0.5 cm) [with significance (p = 0.0102)] and shoot vigor (p <0.01). For the number of microcuttings > 2 cm (NM> 2 cm), the variables the variables were independent (p <0.01). For length of the longest microcuttings (LLM), only the IBA concentrations were significant (p <0.01).
IBA concentrations for NS> 0.5 cm in function of the collections ( Figure 3A) showed a second-degree polynomial behavior. From the first collection, all IBA concentrations followed an increasing trend; however, from the third to the fourth collection, the IBA concentrations of 0.0; 0.25 and 0.5 mg L -1 tended to reduce shoot production. For the highest IBA concentration (1.0 mg L -1 ), this trend only occurred from the fourth to the fifth collection.
For shoot vigor (SV), the response was in function of the interaction between treatments, showing a significant (p <0.01) decreasing linear behavior for IBA concentrations of 0.25; 0.50 and 1.00 mg L -1 in function IBA and micro-cutting collections in...
of the collections ( Figure 3B) , with an evident decrease in vigor with the advance of the monthly collections.
Production of NM> 2 cm increased in function of the successive collections ( Figure 3C) , and the IBA concentration of 0.65 mg L -1 was the optimum point ( Figure 3D ). LLM presented increasing linear response in function of the IBA concentrations ( Figure 3E ).
Results obtained under ex vitro conditions indicated the effect of IBA concentrations applied in the in vitro environment, with differences in the evaluations performed in greenhouse, shade house, and in full sun. Seedlings had a greater stem diameter in the ex vitro stages -greenhouse, shade house, and full sun -when the concentrations of 0.5 and 0.75 mg L -1 were used in the in vitro condition ( Figure 4B ). However, IBA and micro-cutting collections in... for seedling vigor (SEV), higher values were observed at higher IBA concentrations used in the in vitro condition ( Figure 4C ).
The percentage of survival presented a quadratic trend for all the ex vitro stages, and the highest percentage was observed with the in vitro application of IBA concentration between 0.81 and 0.94 mg L -1 ( Figure  4D ). The percentage of root observed at the lower end of the tube presented a quadratic response to the regression equation. Consequently, this variable presented the highest values when the application of IBA ranged between 0.67 and 0.65 mg L -1 ( Figure 4E ) in the greenhouse and shade house, respectively. NR ( Figure 5A ) and VR ( Figure 5B ) evaluated at the end of the full sun stage presented a quadratic trend in function of the IBA concentrations, with similar maximum points: for NR, the estimated point was 0.67 mg L -1 of IBA; and for the VR, the estimated point was 0.70 mg L -1 of IBA.
SDM ( Figure 5C ) and RDM ( Figure 5D ) showed second-degree polynomial behavior in function of the IBA concentrations, with different maximum point of matter production: 0.75 mg L -1 for SDM and 0.92 mg L -1 for RDM.
Percentage of survival during microcuttings acclimatization at the moment of transfer from the greenhouse to the shade house presented a mean of 74.7%, being influenced by the IBA concentrations applied in the in vitro environment. The highest percentage of survival was estimated in 96.3% with the IBA concentration of 0.81 mg L -1 . At the moment of transfer from the shade house to the full sun, microcuttings survival (64.2%) continued to be influenced by the concentrations that had been applied in the in vitro environment, with an optimal IBA concentration estimated at 0.70 mg L -1 , which resulted in 84.0% microcuttings survival. In full sun, the mean value of microcuttings survival was 62.1%, still influenced by residual IBA, presenting a maximum survival point estimated at 0.89 mg L -1 of IBA, leading to 84.0% microcuttings survival.
4.DISCUSSION
Under in vitro experimental conditions, the number of shoots of the Eucalyptus grandis x E. urophylla clone increased. Production decreased from the fourth collection, which was also observed in Eucalyptus urophylla x E. globulus clone, regardless of the IBA concentration. Oliveira (2016) and Gómez et al. (2007) state that the variation of the multiplication rate is related to the in vitro conditions and consequently to the excessive exposure to growth regulators in the subcultures. It is also related to the balance of cytokinins and auxins in the culture medium since this balance varies depending on the species and explant type.
For all in vitro variables, an increasing trend was observed until the IBA concentration of 0.5 mg L -1 . A decrease was observed from this value for Eucalyptus grandis x E. urophylla clone. This trend is explained for this is a rejuvenated material, in which the internal hormonal balance favors regeneration. Negative responses to additional hormonal applications may occur under certain conditions. Similar results were 
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reported by Bezerra et al. (2014) for Mimosa caesalpiniifolia treated with BAP concentrations in in vitro multiplication. According to Hartmann et al. (2011) , excessive concentrations of auxin and the exposure time to this growth regulator may inhibit shoots and roots development, causing yellowing and leaf fall, necrosis, and even plant death.
In the present work, the use of growth regulators was essential to achieve the desired multiplication rates. Auxin, such as IBA, and cytokinins, such as BAP, are used in several combinations for morphogenic control during adventitious shoots multiplication in Eucalyptus (Del Ponte et al., 2001; Dutra et al., 2009) . Similar results were obtained using IBA in shoots of Eucalyptus globulus ssp. Maidenii, with a higher multiplication rate in culture medium containing 0.2 mg L -1 BAP + 0.02 mg L -1 IBA (Sotelo and Monza, 2007) .
Microcuttings production increased over the collections. No studies have reported on in vitro microcuttings production or elongated shoots in successive collections. However, this condition is analogous to the rejuvenation observed in plant materials that undergo several in vitro subcultures (Xavier et al., 2013) . These are relevant results regarding the formation of in vitro microclonal hedge, and work as preliminary study for a mass and economic production of Eucalyptus microcuttings.
In addition, in the case of an ex vitro environment, microcuttings produced from microstump presents a cyclical trend and may be related to the temporary depletion of the latter, leading to lower productions (Titon et al., 2003b) , besides the temperature change (Xavier and Comério, 1996) . The absence of IBA for both clones reduced growth, corroborating the work of Oliveira (2016) , in which the absence of IBA provided lower growth rates for Eucalyptus urophylla x E. globulus clone and Eucalyptus grandis x E. globulus clone. The best IBA concentration for Eucalyptus globulus ssp. maidenii elongation was 0.50 mg L -1 , resulting in four elongated shoots per explant (> 2 cm) (Sotelo and Monza, 2007) , which is in agreement with the present results. Different shoot length responses were observed by Oliveira (2016) , with optimal IBA concentrations ranging from 0.25 mg L -1 to 1.0 mg L -1 .
For both clones, shoots vigor reduced over the collections. This may have occurred due to the increase of the callus at the base of the in vitro explant. Callus is defined as a mass of disjointed and disorganized cells (Hartmann et al., 2011) , which may have hindered the water and nutrients transport to the clump and reduced shoots vigor. Wendling et al. (2003) evaluated subculture of ministump and concluded that the subcultures did not increase ministumps vigor, evidencing a certain reduction trend with the increase in the subcultures.
Shoot vigor results in function of IBA concentrations were very different between the clones, evidencing genetic control for this variable. For Eucalyptus grandis x E. urophylla clone, the material that received the treatments with the intermediate concentration presented greater vigor. For Eucalyptus urophylla x E. globulus clone, the material that received the highest concentrations had the highest vigor; however, vigor decreased with the increase in the number of collections. Oliveira (2016) confirmed that the highest vigor for the tested Eucalyptus hybrid clones varied with the IBA concentrations between 0.36 and 0.80 mg L -1 in MS medium. In JADS culture medium, the maximum vigor points were higher at the IBA concentration of 0.60 mg L -1 .
Evaluations under ex vitro environment conditions for Eucalyptus grandis x E. urophylla and Eucalyptus urophylla x E. globulus clones showed that treatments containing IBA in the culture medium influenced microcuttings quality. For the Eucalyptus grandis x E. urophylla clone, the intermediate IBA concentrations applied in the in vitro environment provided the best results. For Eucalyptus urophylla x E. globulus clones, higher IBA concentrations presented satisfactory results; however, at some concentrations, the percentage of microcuttings rooting decreased. In some cases, the plant response to the endogenous or applied auxin may vary depending on the tissue and the IBA concentration already present in the propagule. In addition, auxin may increase the rhizogenic response to a certain point, depending on the concentration, after which inhibitory effect occurs (Hartmann et al., 2011) .
For the present study, high mean percentage of survival was observed for both clones in the nursery, which makes feasible the proposed microcuttings technique. Studies with Bowdichia virgilioides (Moura et al., 2012) , Aegiphila verticillata (Almeida et al., 2015) , and Azadirachta indica (Houllou et al., 2015) have also presented high survival rates for in vitro microcuttings.
Further studies should be carried out to define the set of factors that influence micropropagation/ microcuttings of these Eucalyptus spp. clones or other genetic materials and hybrids of commercial interest, aiming to facilitate in vitro miniclonal hedges for seedlings production by the forestry industry.
5.CONCLUSIONS
For the clones evaluated in this study, results revealed that 1) the production of microcuttings for Eucalyptus grandis x E.urophylla and Eucalyptus urophylla x E. globulus clones increased over the five in vitro collections; 2) the IBA concentrations for each clone were adjusted, ranging from 0.25 to 0.50 mg L -1 for Eucalyptus grandis x E.urophylla clone and from 0.75 to 1.0 mg L -1 for Eucalyptus urophylla x E. globulus clone; 3) the ex vitro conditions were influenced by the residual effect of the in vitro IBA concentrations; 4) IBA concentration between 0.25 and 0.50 mg L -1 and between 0.50 to 1.0 mg L -1 provided good rooting for Eucalyptus grandis x E.urophylla clone and Eucalyptus urophylla x E. globulus clone, respectively.
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